Objectives: To assess the ability of anthropometric measurements to identify young women at risk of developing diabetes, hypertension and heart disease in the future and to compare cut-off points for common anthropometric measures established with receiver-operating characteristic (ROC) curves with those reported in the literature. Design: Cross-sectional study. Subjects: Eight hundred and two young Mexican women living in semi-urban poverty. Measurements/methods: The ability of anthropometric measures of fatness and fat distribution (body mass index (BMI), summed skinfold thickness (SST), waist circumference (WC), waist-to-hip ratio (WHR), conicity index (CI), abdominal volume index (AVI)) to predict risk of future disease (pre-diabetes: fasting blood glucose 100-126 mg dl 21 ; pre-hypertension: systolic blood pressure 120-139 mmHg and/or diastolic blood pressure 80-89 mmHg; hypertriglyceridaemia: triglycerides $150 mg dl 21 ; or a combination of risk factors) was assessed using ROC curve analysis. Results: Twenty-three of the 802 women who were interviewed had incomplete data and 50 (6.4%) were eliminated from the analysis due to hypertension and/or diabetes. Mean age of the remaining 729 women was 29.6 6 5.4 years and mean BMI was 27.7 6 4.5 kg m
In Mexico, as in many Latin American countries, overweight and obesity have now become major public health concerns 1 . According to the latest national nutrition surveys, the prevalence of overweight and obesity has increased dramatically over the last decade in Mexico with more than 60% of adult women currently overweight 2 . A recent survey among the rural poor showed that the prevalence of obesity for those living in extreme poverty is similar to national values 3 .
Compared with individuals in the recommended reference range for weight, those who are overweight or obese are at higher risk for dyslipidaemia 4 , hypertension 5 , insulin resistance 6, 7 and diabetes 8 , all of which substantially increase the risk for cardiovascular disease 9, 10 . In Mexico, there is already a high prevalence of these chronic conditions, including diabetes Mexico is staggering 15 . Thus, it is critical to be able to target prevention efforts to those individuals who are at the greatest risk for developing these conditions. This is particularly important for public programmes where resources for intervention may be limited and efforts should be targeting those at highest risk.
In order to identify individuals at the greatest risk, researchers, practitioners and public health professionals have worked to identify the most appropriate simple anthropometric measures and the most appropriate cutoff points for easily assessed measurements such as body mass index (BMI) and waist circumference (WC) 16, 17 . However, this task is made more challenging by the fact that negative health outcomes are seen at varying thresholds of commonly used anthropometric measurements depending on country of origin and ethnic group [18] [19] [20] . Furthermore, several studies have suggested that body fat percentage at a given BMI varies by ethnic group [21] [22] [23] [24] . Although some studies have explored the need to establish appropriate cut-off points in diverse ethnic and regional populations 19, [25] [26] [27] [28] [29] [30] , most published studies continue to use standard recommended cut-off points to establish risk. Thus, the first objective of the study described here was to determine whether commonly used cut-off points are appropriate in a population of women living in poverty in semi-urban Mexico.
A common feature of studies that have looked at the predictive ability of various anthropometric measures is that they have been conducted in populations in which the prevalence of disease is already high 19, 25, 26, 29, 30 . In an effort to identify at-risk individuals before manifest disease develops, the American Diabetes Association (ADA) and the National Heart, Lung, and Blood Institute (NHLBI) have recently defined aggressive thresholds for diagnosing pre-diabetes and pre-hypertension 31, 32 . Given the importance of early identification of chronic disease particularly in populations where health-care resources are scarce, it is critically important to know how well commonly used cut-off points for anthropometric measures can identify risk in young women. Thus, our second objective was to assess the ability of diverse anthropometric measurements to identify young women in the same population at risk of developing diabetes and hypertension using these newly established thresholds for pre-diabetes and prehypertension.
Methods

Subjects
The participants in the study had previously been part of a randomised controlled supplementation trial in a semiurban community in Morelos State, Mexico. Pregnant women were recruited through home visits conducted monthly from 1997 to 2000 and were provided with a daily multiple micronutrient or iron-only supplement from recruitment until delivery. Methods and results of that study are published elsewhere 33 ,34 and will not be described here. From April to August 2005, all women who participated in the trial were re-visited and invited to participate in a follow-up study designed to document the association between diverse socio-economic, health and reproductive characteristics, and weight change over a 5-7-year period. Exclusion criteria for the follow-up study were current pregnancy or pregnancy within the past six months. The protocol for the follow-up study was approved by the Ethics, Biosecurity and Research Commissions of the National Institute of Public Health in Mexico and by the Center for the Protection of Human Subjects at the University of California, Berkeley. An informed consent declaration was signed by all women willing to participate after receiving complete information about the study objectives, procedures, risks and benefits. Women were also asked for permission that some of the information from the original study be used for the current analyses.
Data collection and questionnaire
Recruitment for the follow-up study was conducted in the woman's home and, if consent was obtained, an appointment was made to attend the study clinic in the community in the following one to three days. Appointments were made for the early morning and women were given clear instructions to attend in a fasting state (at least 8 h). Each woman was interviewed by trained personnel to gather a brief medical history and a detailed description of socio-economic status, which included details of education, housing conditions, ethnicity, family size, occupation and possession of common assets (e.g. blender, television and refrigerator). Basic sociodemographic information was obtained from the original supplementation trial and updated as necessary.
Principal components analysis, a robust technique for reducing a large number of variables into one proxy measure, was used to summarise the asset variables into one estimate of socio-economic status (SES) 35, 36 . The first principal component was retained under the assumption that the most common variation in the set of asset or housing variables would be a good proxy for household wealth 37 . Given that all participants in this study were from poor families, this index provides a relative comparison of families within the sample with no reference to the larger Mexican population. This type of index has been used to detect the influence of SES on diverse health outcomes in this 34 and other 38 populations.
Blood sample
A fasting venous blood sample was taken upon arrival at the study clinic; juice and a light snack were provided immediately after the sample was obtained. ; and/or (3) fasting plasma glucose $100 mg dl 21 . We did not have high-density lipoproteins cholesterol measurements in this study to permit the assessment of metabolic syndrome as such.
Anthropometric measurements and indices
Weight, height, waist, hip and arm circumferences, and skinfold thicknesses were measured by a highly trained and standardised 40 anthropometrist using standard procedures 41 . Weight was measured in light clothing without shoes to the nearest 100 g on a digital scale (Tanita Mother-Baby scale, model 1582; Tanita Corp.). Height was measured in standard position with a portable stadiometer (Schorr Industries) and recorded to the nearest mm. Waist, hip and mid-arm circumference measurements were taken to the nearest mm with a pliable measuring tape. WC was measured midway between the lowest rib and the iliac crest, with no garments in measurement. Hip circumference was measured in undergarments at the place of largest circumference around the buttocks. Mid-arm circumference was measured at the midpoint between the acromium and olecranon processes. Skinfold thickness measurements were taken at four sites -triceps, biceps, subscapular and suprailiac -using Lange skinfold callipers (Beta Technology). The measurements of weight, height, waist and hip circumferences were taken two times each and a third measurement was obtained if the difference between the two original measures surpassed preestablished limits. Skinfold thickness measurements were taken four times at each site. For all calculations and computations, we used the average of the repeated measurements.
BMI was calculated as kg m 22 and waist-to-hip ratio (WHR) was calculated by dividing the waist circumference by the hip circumference. The four-site skinfold measurements were summed for an estimate of total body fat (SST) 42 . Abdominal volume index (AVI) was calculated as follows 43 : [2 cm 3 (waist) 2 
Statistical analyses
The ability of anthropometric measures to identify risk of disease was evaluated using four health outcomes: pre-hypertension, pre-diabetes, hypertriglyceridaemia and clustered metabolic alterations. Receiver-operating characteristic (ROC) curve analyses 45, 46 were used to examine the predictive capacity, sensitivity and specificity, and corresponding cut-off points of each of the six anthropometric measures (BMI, WC, AVI, WHR, SST, CI) on each of the four outcome measures. The overall performance of each anthropometric test for predicting each outcome was assessed by computing the area under the curve (AUC) 46 . For each outcome, the AUCs for all the anthropometric measures were compared and tested for significant differences. Sensitivity at each cut-off point was defined as the percentage of subjects who were classified as cases who truly had the condition. Likewise, specificity was defined as the percentage of subjects who did not have the condition and who were classified correctly at any given cut-off point. The cut-off point we report for each set of tests is that for which sensitivity and specificity are both maximised in the ROC curve analysis.
Based on a priori knowledge of the potential relationship between certain anthropometric measures and disease risk in diverse populations, we compared the predictive capabilities of BMI and WC for each metabolic outcome after stratifying by age and SES. For age, we divided the population into ,25, 25-29.9 and $30 years (approximate tertiles of the current age). For SES, we categorised the population based on tertiles. The potential modifying effects of SES and age were examined for only BMI and WC for two reasons. First, BMI and WC demonstrated better predictive capacity than WHR and CI; second, they are much more commonly used and appropriate in the field than AVI or SST.
Finally, multiple linear and logistic regression analyses were used to quantify the effect of each incremental increase of BMI, WC and age on each metabolic outcome.
The modifying effect of age on the relationship between BMI and the clustered metabolic alterations was tested as an interaction between age category (included in the model as two indicator variables) and BMI in a logistic regression model. We also tested whether short stature (defined as ,146 or ,149 cm) modified the relationship between BMI and metabolic alternations, due to some reports that BMI may perform more poorly as a predictor of risk of chronic disease in obese individuals with short stature 47 . In addition, we tested whether the type of micronutrient supplement (iron-only or multiple micronutrients) taken during the pregnancy supplementation trial (4-6 years previously) was associated with our health outcomes or modified the relationship between anthropometric measurements and those health outcomes (tested as a statistical interaction between them). We also used linear regression to test whether micronutrient group was related to any of the six anthropometric indices.
Results were considered statistically significant if P-values were ,0.05 and ,0.10 for main effects and interactions, respectively 48 . All statistical analyses were completed using the STATA statistical package, version 9 (StataCorp.).
Results
A total of 802 women participated in the follow-up study; this sample represented 76% of those who had participated in the original trial. After excluding women with missing laboratory data, 779 women remained in the sample. Of these, 50 (6.4%) women were eliminated from the current analysis due to current diagnosis as diabetic (n 5 35) or hypertensive (n 5 11) or both (n 5 4).
The mean age of the women included in the analysis was 29.6 6 5.4 years. On average, the women had completed 7.1 6 3.2 years of formal schooling. Mean BMI was 27.7 6 4.5 kg m 22 ; 313 (42.9%) women were classified as pre-obese and 206 (28.2%) were classified as obese. Only seven (1.0%) women in the sample were classified as underweight (BMI , 18.5 kg m
22
). The prevalence of abdominal obesity (52.5 or 82.6%, depending on classification used), pre-diabetes (25.6%) and hypertriglyceridaemia (36.9%) was high in the population (Table 1) .
Based on the ROC curve analysis, there were no statistically significant differences in AUC between BMI, WC, AVI and SST for any of the four outcomes tested (pre-hypertension, pre-diabetes, hypertriglyceridaemia or clustered metabolic alterations) ( Table 2 ). All four of these anthropometric indices, however, performed significantly better than WHR and CI for all outcomes. The cut-off points that maximised sensitivity and specificity varied by outcome for each anthropometric measure ( Table 3 ). The BMI cut-off points that maximised sensitivity and specificity for our four outcomes ranged from 27.7 to 28. 4 When stratified by SES tertile, no differences were seen in the AUC of the ROC curve for either BMI or WC for any of the four outcomes tested (results not shown). However, when stratified by age, the overall predictive capacity, as measured by AUC, of both BMI and WC for clustered metabolic alterations varied significantly by age group (results not shown).
In the logistic regression analyses, BMI and WC were analysed in separate models due to high collinearity (Pearson correlation 5 0.92). In separate models, after adjusting for age, both BMI and WC were found to be significantly associated with each of the metabolic outcome variables (results not shown). Our comparative estimates of SES were not significantly associated with any of the outcomes.
Age modified the relationship between BMI and clustered metabolic alterations. A given increment in BMI for women ,25 years of age was associated with a greater increment in risk of clustered metabolic alterations than a 31 . y Pre-hypertension was defined according to the seventh report of the National Heart, Lung, and Blood Institute's Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure 32 . z Defined using IDF definition for metabolic syndrome, excluding highdensity lipoprotein cholesterol criterion 39 . BMI -body mass index; WC -waist circumference; AVI -abdominal volume index; SST -summed skinfold thickness; WHR -waist-to-hip ratio; CI -conicity index. * Pre-hypertension was defined in accordance with the recommendations of the seventh report of the National Heart, Lung, and Blood Institute's Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure 32 : systolic blood pressure (SBP) between 120 and 139 mmHg and/or diastolic blood pressure (DBP) between 80 and 89 mmHg.
-Pre-diabetes was defined as fasting blood glucose between 100 and 125 mg dl -1 . --Hypertriglyceridaemia defined as triglyceride level $ 150 mg dl -1 . y Clustered metabolic alterations was calculated using three of the four parameters suggested by the International Diabetes Federation for metabolic syndrome 39 similar increment among women aged 25 years or above (P 5 0.04 for interaction) (Fig. 1) . Similarly, age modified the relationship between WC and clustered metabolic alterations (P 5 0.07 for interaction); however, as mentioned above, the interpretation of this applies only to increases in WC above 80 cm since WC $ 80 cm is requisite for diagnosis of clustered metabolic alterations. Height did not significantly modify the relationship between BMI and metabolic alterations, nor did we find any modifying effect of age on the relationship between WC and FBG, blood pressure or fasting triglycerides. The type of micronutrient supplement consumed during pregnancy (multiple micronutrient or iron-only) was not significantly associated with any of the anthropometric indices or health outcomes, nor did it modify the relationship between anthropometric indices and health outcomes.
Discussion
In this study we found that BMI and WC were the best, field-appropriate indicators to identify future risk for the development of hypertension, diabetes and cardiovascular disease in a sample of young women from semiurban Mexico living in poverty. It is noteworthy that, although few women were eliminated from the analysis due to pre-existing diabetes or hypertension, over 70% of these women were pre-obese or obese and the mean BMI was high (27.7 kg m
22
). This prevalence is higher than that reported in previous studies conducted in Mexico 26, 47, 49 and is likely to reflect a continuation of the rapid increase in obesity reported previously in Mexico 2 . Recent studies have produced differing conclusions about which anthropometric measure has the best predictive capacity for detecting disease risk. Contrary to the analysis by Sanchez-Castillo et al. 49 , who reported that WC demonstrated a significantly better predictive capacity for detecting cases of diabetes mellitus and hypertension, we found no statistically significant difference in the predictive ability of BMI and WC, estimated using area under the ROC curve. In fact, the AUCs in our analysis for BMI and WC were not statistically significantly different from those for SST and AVI. In situations when resources are sufficient, the estimation of SST and AVI may provide additional information for research or clinical practice about fat vs. lean mass, but we consider these measures to have little practical application in the context of field studies or assessments at small public health centres.
The BMI cut-off points that maximised sensitivity and specificity for our four outcomes ranged from 27.7 to 28. 4 . In the nationally representative sample of the Mexican population (n 5 26 647 women, mean age 37.3 6 12.9 years, mean BMI 27.6 6 5.6 kg m
) there was a much higher prevalence of hypertension (25.6%) and diabetes (7.2%). In the sample of older hospital workers (n 5 5939 women, n 5 2426 men, mean age 39.1 6 14.3 years, mean BMI 25.5 6 4.5 kg m
) the prevalence was lower for diabetes (5.8%) and hypertension (17.9%). A number of characteristics of the study participants may in part explain these differences, including socio-economic status, prevalence of smoking or alcohol consumption, health status of the population, and diagnostic methodologies. Unfortunately, the data as presented in the studies do not permit a quantification of the extent to which these factors may have influenced the results.
The unique contribution of our study is the documentation that anthropometric measurements and cut-off points similar to those used to identify existing disease are effective in identifying elevated risk in a sample without pre-existing disease, in which the average age of the participants is 10 years younger than those previously sampled in Mexico. Another important contribution of our study is that we have analysed data from a group of low-income women living in semi-urban areas. The relationship between anthropometric measurements and risk has been under-researched, despite the rapid increase in overweight, obesity and chronic disease among populations living in poverty in Mexico and other regions of Latin America Fig. 1 Association between body mass index (BMI) and probability of clustered metabolic alterations by age category individuals were in a fasting state in spite of the fact that non-fasting criteria were used. Clearly, future research is needed to clarify the influence of these methodological details on the differences in BMI cut-off points presented in diverse studies and settings. There is considerable debate in the literature as to whether anthropometric measures may perform differently for the prediction of disease risk in diverse ethnic and geographic populations. Two studies in populations of Asian origin have reported WHR to have superior predictive capacity than WC only, while similar studies in the USA have reported WC to be superior to WHR 20, 28, 29, 50 . It has been suggested that variance in optimal BMI for predicting disease risk is at least partially due to differing body composition, ethnicity and/or geographic region of origin [21] [22] [23] [24] . In other words, for a given BMI, the percentage and distribution of body fat may differ by ethnicity and/or geographic region of origin.
Few . This finding may partially explain a trend towards lower optimal cut-off points for predicting concurrent disease and lower cut-off points for increased risk of disease in Mexicans living in Mexico 26,49 as compared with European Americans. The IDF has recommended the use of ethnic-specific cut-off points for the diagnosis of abdominal adiposity, but not BMI, and acknowledges the current lack of data specific to Central and South America. In these populations, the IDF recommends the use of cutoff points established for Asian populations, i.e. WC $ 80 cm for females. If this definition of abdominal adiposity is used, 82.6% of our study population would be considered abdominally obese.
In our study, a given increment in BMI in the youngest subgroup of the study population has more negative implications for future disease risk than a similar increment among older individuals. A similar relationship after stratifying by age has been seen in other studies 49, [51] [52] [53] which may be because BMI is a less sensitive measure for total body fat as age increases 54 . This finding emphasises the importance of prevention from a young age.
In Mexico, as in many middle-income and even lowincome countries, the prevalence of obesity has increased dramatically in recent years and, with it, the burden of related preventable chronic disease. It is clear that aggressive actions are needed at the national level in Mexico to reverse this trend and prevent the dramatic costs that this will have on individuals and society in the future. As part of this strategy, health systems should identify atrisk individuals and provide intensified interventions for them; particularly where resources are scare and more population-based interventions may not be sustainable. The identification of at-risk individuals at a relatively young age, prior to the onset of disease, is fundamental. In this study, we found that BMI and WC cut-off points similar to those used for the identification of individuals with disease are the most field-appropriate means to identify individuals with elevated risk to develop diabetes and/or hypertension. Given the similarity in their predictive ability, the choice of which to use in a specific context could depend on resources and the ease of taking height and weight vs. waist circumference measures. The identification of individuals at risk before overt disease presents itself through the use of appropriate anthropometric indicators and cutoff points will allow medical and public health practitioners to channel those at highest risk into programmes. This strategy will be critical to reduce the burden of obesity and chronic disease currently faced by the Mexican healthcare system.
